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Abstract 
The current research paper introduces the basic principles of the Information Images theory and 
mathematical model created through it. In order to confirm the theory experimentally, the bilingual 
Stroop test was used. The results of the test are interpreted through the introduced theory, then they are 
compared with the results of computer modeling on its basis. The authors demonstrate, that through the 
Information Images Theory it is possible not only to explain a number of cognitive processes of human 
mind, but also to make a prognosis of their dynamics in a number of isolated incidents. 
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1 Introduction 
The natural-science aspects of influence of the environmental information factors on the living 
systems are barely studied. A few new electrophysiological methods have been created, primarily the 
registration of induced and event-related potentials that are noticed in experimental behavioral 
situations. These methods enabled us to come closer to the research of physiological mechanisms of 
particular stages of information processing, such as sensory analysis, mobilization of attention, image 
formation, memory templates removing, decision making, etc. For the first time ever, the study of 
temporal parameters of electrophysiological responses to different types of stimuli and in various 
conditions made chronometration possible, i.e. the assessment of duration of separate stages of 
information processing directly at the level of the cerebral substrate.  A lot of basic facts were suggested 
by the classical psychological methods research and analysis of the subjects’ behavior in different social 
situations.  
The ground for the offered theory is the idea about the universal cognitive unit (Anokhin , 1989) of 
the human mind information or the information image, which is the space where it exists, the space 
typology and characteristics. Information images (here and after – IIs or II for information image) can 
be determined as the displays of objects and events in every feature space.  Thus the Information Images 
Theory (here and after IIT - (Petukhov & Polevaya, 2016, feb)) is the way to describe the information 
interactions of individuals as well as a number of human cognitive functions.  
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The Stroop test is the classical test to find the effects of cognitive discordance while appearing of 
several contradictable information impulses, so it was used to compare the results of modeling with the 
experimental ones.    
2 The Information Images Theory 
In the framework if IIT, we present the human mind as a huge structural number of interacting 
images that are constantly under the external influence.  
Images with higher energy rate (we establish the notion of social energy E, to describe the 
communicative activity of images and individuals) are located "above" and closer to the edge of the 
information images space of an individual, so they interact more often; on the contrary, inactive images 
with the low energy rate and greater inertia are located closer to the center of the II-space and rarely 
enter into active engagement with external stimuli. 
IIT enables us to reevaluate the number of the characteristic objective laws of the human mind, as 
well as correctly interpret and explain some of them.  
Obviously, II cannot be transferred unaltered through communication between individuals. After all, 
each II is unique as for an individual and as a whole, because each individual has a unique experience.  
  A part from this, a human being cannot transfer the image existing in his\her head or II space 
directly to another human being. A person must use various communicative tools, that are created with 
the help of social superstructure of communication or the Communication Field (CF). CF is an 
information generalization of the assembled individual experience and collective unconscious that is a 
result of living in a social environment. The communicative apparatus is represented by speech, visual, 
tactile and symbolic methods of information transfer, etc. Thus while communication with other 
individuals, CF codes the transferred image into a code and then decodes it into its own image.  
  It means that actually the following chain is used: 
Image → communicative field → signal-message →disturbance in the communicative field of 
another individual → perception → image. 
3 The Stroop test 
If we adhere to the classical logic of article composition we should put experiment after the results 
of mathematical modeling, however, we decided to refuse from the traditional sequence, as the main 
objective of the work is not the presentation of the Stroop test results, but on the contrary, the 
introduction of the simulation results. 
In the classic version of the Stroop test it is offered to pronounce the name of the color in accordance 
with the meaning or the color of the letters or the word determining the color. It measures the time for 
decision-making and the number of errors in the four contexts: 
- words determining the color are written in black letters on a light background; the aim function is 
to pronounce the name of the color in accordance with the meaning of a word; 
- the color of the letters and the meaning of the word are equivalent; the aim function is to pronounce 
the name of the color n accordance with the meaning of the word; 
- the color of the letters does not correspond to the meaning of the word; the aim function is to 
pronounce the name of the color in accordance with the meaning of the word; 
- the color of the letters does not correspond to the meaning of the word; the aim function is to 
pronounce the name of the color in accordance with the color of the letters (Stroop, 1935). 
The study was conducted among the students studying psychology and students studying linguistics. 
The total sample of subjects was 39 (8 male and 31 female), aged 18 to 26 years old. 
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The first phase assessed the level of English language proficiency of the participants as described by 
Placement test (http://oxfordklass.com/placement-test/). Each participant was asked to choose correct 
answers to 20 questions. A list of questions includes 20 items with three possible answers: two items 
corresponded to the Elementary level, three points - Pre Intermediate, seven points - Intermediate, eight 
points - Upper Intermediate. In the first turn during the analysis of the subjects responses the number of 
correct answers to the points corresponding to the Elementary level was counted, then Pre Intermediate, 
Intermediate, and finally Upper Intermediate. 
During the second stage the computerized Stroop test was conducted. We measured the decision-
making time and the number of errors were calculated in the four contexts. 
The Stroop test implemented on a multi-platform WEB-Apway.ru was used. The distinctive feature 
of the applied test modification was the opportunity to ask the names of colors in various languages, or 
add your own color options for experimentation. 
The experiment consisted of two series of measurements: with words in English and Russian. In 
each series of measurements we used 6 stimuli (words and buttons): yellow, red, blue, green, brown, 
purple. Each task contained 12 words (each word was mentioned twice), the script of sequence of the 
words presentation was the same in both series. 
The statistical processing of the results was conducted during the third stage. The following 
instruments were used: ANOVA – analysis of variance with repeated measurements, Wilcoxon test for 
linked samples, clustering – k-means method. We analyzed the effects associated with individual 
characteristics, specifics of the problem in the Stroop test, the type of test and the linguistic level of 
language competence of the experiment participants. 
4 The experiment results 
In accordance with the English language proficiency level, the experiment participants were 
distributed as follows: Elementary - 17, Pre Intermediate - 4, Intermediate - 3, Upper Intermediate - 15. 
For the analysis, only data of the test persons with Elementary and Upper Intermediate English language 
proficiency levels. It is important to note that the Elementary group included only those students who 
studied psychology, and the Upper Intermediate group included 11 students studying linguistics, and 4 
students studying psychology. 
Analysis of the language factor impact on the reaction time in the Stroop test demonstrates that 
significant effects can be observed only in the Elementary group (F (1.68) = 6.85, p <0.05), while in the 
Upper-intermediate group such effect is missing (F (1.65) = 1.19, p > 0.05). The average response time 
of the Upper-intermediate group is invariant to the language of the written word (Fig.1). 
  
Fig. 1. The average time values of the complex sensorimotor choice reaction on Russian and English 
words in the Stroop test in two groups of test persons: left – with the Upper-Intermediate level of English 
language proficiency, right – with the Elementary level. * - p ≤ 0.01, Wilcoxon test. 
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In addition, the representatives of the Upper-intermediate group are faster than Elementary, complete 
7 of 8 different tasks offered in the bilingual Stroop test. The level of language competence becomes 
apparent not only in the fourth context while solving a problem that does not require the extraction of 
the color image from the semantics when searching for a color sample in accordance with the color of 
the letters. 
Speaking about the Elementary group, choice of a word in accordance with its meaning occurs 
slower in the contexts without disparity, if a word is written in English. In case of the cognitive conflict 
influence of language on the word choice in accordance with the word meaning disappears and the 
reverse interference effect is observed: the time between the introduction of stimulus and choice of a 
color sample is significantly longer than in other contexts. When choosing a color sample by color of 
letters in the context containing cognitive conflict, poor knowledge of English language gives an 
advantage: if a word is written in English, the reaction time is less. Only in the Russian-language version 
of the test the effect of direct classic interference was observed among 12% of the students from this 
group: a verbal image hinders decision making process concerning choosing a color sample following 
the color of letters in case of the cognitive conflict.   
In the Upper Intermediate group, the language factor does not influence on the time of decision-
making within the meaning of words in context without disparity.  
As the result of the cluster analysis of the reaction times array in the four contexts of the Stroop Test, 
two clusters that 100% specific and sensitive to the English proficiency level of the subjects were 
allocated. Significant cluster differences (Fisher test, p ≤ 0.01) are observed in the following parameters: 
the response time in black and white version of the Stroop test, with English words; the response time 
when choosing the color of the sample according to the word in English, painted in accordance with the 
meaning; the reaction time for cognitive conflict to choose within the meaning of the word in Russian 
(Fig. 2).  
 
Fig. 2. The average values of the complex sensorimotor reaction time of choice for Russian and 
English words in the Stroop test in two clusters of subjects: A – for the Elementary group, B – for the 
Upper-intermediate group. * - P ≤ 0.01, Fisher's criterion. 
 
For all three indicators the Upper-intermediate group makes a choice faster than the Elementary 
group. Thus, it is possible to use the bilingual version of the Stroop test to determine the level of 
knowledge of the English language in the scale of Elementary / Upper-intermediate. For a more accurate 
assessment we need to increase the volume of the test-persons sample with intermediate levels of the 
English proficiency level: Pre Intermediate, Intermediate.  
On the basis of such results it can be assumed that the level of maturity of the brain functions that 
provide the perception and interpretation of the words in English, manifest in the difference of time of 
choosing and the interference features while reacting on native Russian and foreign English words in 
the context of bilingual Stroop test. Noteworthy is the fact that interference effects are not observed 
among all experiments participants. For the Upper-intermediate group, there is no interference effect for 
approximately 25% of the participants for both versions of the test, i.e. Russian and English. In the 
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Elementary group the language is of great importance for the test results: the interference twice as often 
manifests itself in relation to the foreign English language than the native Russian (44% vs. 23%). 
5 Interpretation of the experiment results in terms of the IIT 
From the standpoint of this theory, the disparities of perception of text and color images are 
connected with formation of different streams of information perturbations in the IIs-space. 
Accordingly, the response to such perturbations is provided through the closest and most active images, 
so that the response time to the English and Russian words is very different. 
However, since the Russian language is a basic and native for all test-persons, the main images are 
activated unconsciously while interpretation, without IIs-actualization in consciousness and 
understanding. Apparently, an individual copes differently with a foreign language. 
Usually, if knowledge of a foreign language is insufficient, an individual translates the word in 
his\her mind firstly into Russian, and only then a direct image of an object is emerged, i.e. color. In other 
words, an individual has to consciously actualize the image, focus on it, so that he\she gets a more 
objective view of the flow of information than in the unconscious perception of the process. This is 
demonstrated by a mismatch of semantic-textual and visual part in the tests for the majority of subjects. 
From the viewpoint of the IIT, images that are used unconsciously have much higher inertia, which 
results into a relatively large amount of time for use in conscious communication. At the same time, the 
human brain, as a rule, chooses the closer images to interact, so in case of a deliberate attempt to create 
the stratification of the contradicting information flows, we can observe a significant increase in 
interference to the mother tongue and the increase of the cognitive dissonance effect. 
In general, the concentration on one of the information flows, without activating the other requires 
deliberate blocking of unconscious reactions to familiar stimuli (such as the choice of color following 
the color), and the effect of cognitive dissonance is explained by the disparity of activity of IIs that are 
triggered by the multidirectional disturbance of CF, inconsistent with adaptive unconscious reactions. 
The need of our mind to build new logical chains, bypassing the existing and comparing the other 
images` codes with the codes of the CF information perturbations leads to the information "failure"; it 
leads to the slowdown in the time for decision-making of some test participants when choosing the color, 
when they were tugging the arrow on the screen from one to another. In this regard, only after the 
removal of the conflicting images of the structure, the final decision is made.  
The presence of such cognitive dissonance in the subject`s mind when he or she is passing the 
bilingual test suggests that there is a direct and unconscious coincidence of the language images and 
images of objects language without an intermediate conversion into the basic language. 
6 The results of modeling 
As it was mentioned above, the IIT implies that there is a limited space filled with a variety of IIs 
which are in constant interaction according to certain laws (Petukhov & Polevaya, 2016, march). The 
most "heavy" and inert IIs are in the heart of such space closer; the lighter and energetic images are 
closer to the edges. From a mathematical point of view, it can be described through the diffusion 
equations (e.g., the Langevin equation), where IIs are compared to particles that actively interact in a 
limited area (IIs space). 
The equiation for the Communication Field (CF), or in other words for the interaction field by means 
of which the particles interact with each other is the following: 
߲
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- if ݑ ՜ Ͳ is simmilar to the δ-Dirac function that significantly simplifies the process of computer 
simulation.  kc – the coefficient that determines the conditional IIs complexity  that can be modified 
while interaction. 
݂ሺݔሻ ൌ ͳݒξߨ
݁
షሺೣభషೣమሻమ
ೡమ  
- the function of interaction between the particles. For simplicity, it was taken as a function of the 
type of interaction - gauss. 
v – the parameter determining the radius of the IIs interaction. It can depend on other system 
parameters as well as be fixed in accordance with the aim and the length in the research time.  
ߜҧ – - the reverse Kronecker symbol (i.e. the inverse of the classical two-dimensional matrix). It is 
inroduced in order to eliminate the influence of IIs on themselves in a model.  
The movement is described by the following equation: 
݀ݔ௜
݀ݐ ൌ ݇௖
௜ ቌ ෍ ߲߲ݔ௝
݄൫ݔ௝ǡ ݐ൯
ே
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Where the stochastic force is also defined by Gauss: 
ߦ௜ሺݐሻ ൌ 
ͳ
݋ξߨ
݁
షሺ೟భష೟మሻమ
೚మ  
Where o – the parameter determining the influence of the Stoic (i.e. random) force. 
The introduction of stochastics is necessary to take into account the possible internal and external 
factors that can be poorly predictable at this stage of model creation..  
While the simulation, the software packages MatLab 2009b and MatLab 2011а were used.  
On the basis of the developed model, the dependencies of the IIs activation for the Stroop experiment 
were introduced. 
The first series of graphs refers to the display of the characteristic dependence of activation (the IIs 
activation  - is the II transfer from the zone where it was before the advent of an external influence in 
the zone of interaction with the informational influence, i.e., as a rule, the transfer to a higher level in 
the IIs space) for an individual II (Fig.3.). 
The y-axis demonstrates the total change in the II spatial coordinates (which are defined by the 
classical Cartesian coordinate system), that demonstrates the changes of the particle position in the 
moment of time, i.e. ݎ ൌ ȟݔ ൅ ȟݕ ൅ ȟݖ in the IIs space. 
x – time countdown.  
Two upper chart shows the activation rate for the cases 3 and 4 in the experiment (i.e., with 
conflicting information flow) for high level of foreign language proficiency, the two lower - for the low 
level. 
In general, it can be noticed that the IIs activation to a high level is higher because the individual 
takes more effort to resolve the cognitive dissonance, which arises because of conflicting information 
flows. 
In the case of the low level of foreign language skills, activation is faster due to the minimization of 
cognitive dissonance and the IIs transfer is less significant, since the image is already in the active zone 
to be translated from a foreign in Russian, so it is comprehended that reduces the chance of reflex errors. 
If we sum up the time for the images activation (for each individual II the time from the beginning 
of the movement to the stop of the active particles is taken) for a sample of simulated individuals, we 
can compare them with experimental data. The results are shown in Fig.4. 
On the x-axis are plotted 4 different simulated Stroop test. 
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On the y-axis are plotted the average total time samples are activated information of images obtained 
in the simulation. Also taken into account possible error, including the impact of stochastic forces. 
 
 
Fig.3. Comparing the II profile activation for the third and fourth cases of an individual for the 
high level of foreign language proficiency (top two graphics) and low level (the lowe two).  
 
 
 
Fig.4. 
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The simulation results demonstrate the total coincidence of the characteristic patterns for the native 
and foreign languages in the experiment, that proves the value of the problem statement and confirms 
the proposed interpretation 
7 Conclusion 
The current research describes the basics of the Information Images Theory and the mathematical 
model created through it. 
There is also demonstrated IIs hierarchy of in the human mind, which determines its real and virtual 
activities. 
 Algorithms describing the proceed of transmission and distortion of IIs while information 
communication. 
 A part from this, the results of the experiment – the bilingual Stroop test – are introduced by the 
authors of the research work. The test results are interpreted by using the proposed theory and then 
compared with the results of computer simulation based on it. It demonstrates that through IIs we can 
not only explain a number of cognitive processes of the human mind, but also predict their dynamics in 
some special cases. 
 
The research was performed with support by the grant of the Russian Science Foundation (project 
№15-18-00047) 
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